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STATE OF MAINE
BOARD OF ENVIRONMENTAL PROTECTION

In Re:

PROPCSAL TO AMEND DEPARTMENT OF )
ENVIRONMENTAL PROTECTION RULE 375.1¢ ) TESTIMONY OF

ON CITIZEN PETITION PURSUANT TO )} MICHAEL A. NISSENBAUM, MD
5 MR.S.A. §8055.3 ) -
I. I give this testimony in support of the Citizen Initiated Petition to amend the DEP

Noise Rule based on my concerns as a physician about adverse health effects from wind power
prej ects that are licensed under the existing Noise Rule.

2. Inn brief, my credentials for my testimony are that T am a Medical Doctor, Board
Certified in Diagnostic Inaging, whose training includes extensive medical physics and the
physics of energy deposition in human tissues, including icnizing radiation, rédio frequencies,
and scund. I am subspecialized in Magpetic Resonance Imaging, with additional experience and
interest in neuroimaging inchuding functional brain imaging (the imaging of brain activation in
response to various stimuli}. 1am a past faculty member (junior) of Harvard Medical School.
Over the last 3 years, | developed an interest in and researched issues relating to the human
response {o noise arising from Industrial Wind Turbines, » new developing area of clinical
inciuixy. I designed and completed the world’s first two controlled studies of potential adverse
health effects related to noise arising from Industrial Wind Turbineé, both of which are submitted
for publication. Thave been accepted as an expert in the subject in various jurisdictions. Also, 1
wes an invited participant, along with Dr. Robert McCunney, 1o a joint discussion/presentation
of our respective perspectives on IWT’s and Health, at Rutland Regional Hospital in Vermont in

May of 2010, the first time a hospital in North America has organized an event on this subject.
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f am a founding board member of the Society for Wind Vigilance, a non-profit organizai‘:ion
comprised of physicians, physiologists, and acoustics experts whose mission is to provide a
scientific clearinghouse for the analysis of scientiﬁc information appearing in published
documents created by Industry, Government, and the Scientific Community on the subject. Tam
a coauthor of the analytic documents published by the Society. Some of the publications we.
have placed into the public domain are listed on the accompanying Curriculum Vitae, a copy of
which is attached as Exhibit A.

3. I developed my an interest in the health effects of wind turbine projects afier
becoming aware of complaints related to an industrial wind turbine project in-Mars Hill, Maine.
Following a small pilot study in 2009 at Mars Hill, T undertook a larger, standardized study in
2010 in the towns of Mars Hill and Vinalbaven (Fox Island Wind Project) Maine. Both of these

studies have been submitied for pubiication.

4, The following is a summary of my study and conclusions in the larger Mars Hill/
Vinathaven study:
a. Validated questionnaires were administered fo 79 subjects living between

375 and 6600 meters from indusirial wind turbines (IWTs) at two sites. Sleep qualify (Pittsburgh
Sleep Quality Index - PSQI), daytime sléepa’ness (Ep%wqrth Sleepiness Score - ESS}) and general
health (SF36vZ) were assessed together with demographic data and change in psychiatric
symptoms, headache, nausea and dizziness. The study followed a strict protocol including
subject and control selection criteria, with raw data segregated from and not handled by the
principal investigator. Data analysis was carried out by a professional epidemiologist, who did
not interact with either subiects or contmiois.

b. Subjects living within 375-1400m (38} were compared with those living
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3.3-6.6kimn from TWTs (41}. Those living within 1.4km had significantly worse steep (assessed by
Pittsburgh Sleep Quality Index (PSQD), were significantly sleepier during the d;y (assessed by
Epworth Sleep Scale (ESS)) and had signiﬁcqptiy worse SF-36v2 Mental Component Scores.
Significant dose response relatisnshéps between PSQI, ESS, 81736 Mental Component Score and
log-distance to nearest TWT were identified after controlling for gender, age and household
clustering. There were no significant differences between the two sites. There was a significant
in&rease in use of prescribed psychoﬁopic medications for those Iiving within 375-1400 meters
compared to those living farther away,
<. | This study supports the anecdotal reports of sleep disturbance mnd i1l
health from. those living close to TWTs, which are remarkably similar from multiple sites around
the world. The dose-response {distance-effect) relationship seen at Mars Hill and Vinalhaven is
strong evidence of 4 causative relationship between IWT noise and ill hiealth. Current permitted
setback distances at these sites are too close for protection of the human population.

d. | The study of Mars Hill and Vinalhaven presented to the BEP today has
been peer reviewed and found valid by epidemiologists, physicians practicing in public health,
and other physicians on 3 continents. It has been accepted for preseniation at three Scietific
Mestings. The structure of the study, including the paitern of questionnaires used, is, T am told,
to be replicated in studies to be performed in Canada, the UK, the USA, and Anstralia.

5. Based on my medical background and experience, and the Mars Hill/Vinalhaven
Study, it is my professional opinjon that there is a high probability of significant adverse health
effects for residents whose homes are located within 1400 métﬁrs (.87 miles) of industrial
turbines. The health risks include:

a) Sleep disturbances/sleep deprivation and the multiple illnesses that
cascade from chronic sleep disturbance. These inchude cardiovascular diseases

3
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mediated by chronically increased levels of stvess hormones, weight changes, and
metabolic disturbances, including the continuum of impaired ghicose tolerance up
to disbefes. '
b) Psychological stresses which can reselt in additional effects including
cardiovascular disease, chronic depression, anger, and other psychiatric
symptomatology. -
c} Increased headaches.
d) Unintentional adverse changes in weight.
&) Auditory and vestibular system disturbances.
) Increased requirement for and use of prescription medication.
7. Based on my studies and medical background and experience, it is my further
professional opinion that any future industrial wind projects in Majne should build in an
additional margin of safety to avoid the kind of adverse health effects experienced at Mars Hiil

and Vinaihaven. I recommend, preliminarily, a setback distance of at least 2000 meters {123

miles), or a distance determined by an appropriately designed preconstruction sound modeling

targeting nighttime sound levels of 35dBA at the building fagade or property line, whichever is
greater.

8. There is not 2 single, non-industry funded study or any peer reviewed literature
that states that wind turbine noise is harmless. to human health. To thg contrary, there is an
emerging body of literature, some of which is peer reviewed, informing us that under certain
circumstances wind turbine noise can have substantial physiological and psychological impacts
on & community, In support of this statement, I attach as Exhibit B a summary of some of the

literature on this subject composed by Daniel Shepherd, PhD from the Auckland University of

" Technology in New Zealand. Many of the references in Dr. Shepherd’s wotk are already in this

rulemaking record, which record also contains updates to his references.
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At this point in time, the industrial wind industry does not appreciate or fails to

acknowledge the progression of how new environmental toxins are evaluated by the medical

community.

1G.

To quote Dr. Shepherd:

Wind turbines are a new source of commurity noise, and as

such their effects on public health are only beginning to emerge

in the literature. The recognition of a new disease, disorder, or

threat to health usually foltows a set pathway. First, doctors and
practitioners attempt to fit symptoms into pre-defined diagnostic

categories or to classify the complaints as psychosomatie,

Second, as evidenice accumulates, case studies begin to

appear in the literature, and exploratory research is undertaken

to obtain better descriptions of the symptoms/complaints,

Third, intensive research is undertaken examining the distribution

and prevalence of those reporting symptoms, the factors

correlating with the distribution and prevalence of those symptoms, and
ultimately to cause-and-effect explanations of why those reporting symptoms may
be doing so. , '

In my reading of the literature the health effects of wind turbines are oniy
beginning to be elucidated, and is caught somewhere between the

first and second stage described in 2.3. The important point to note is that case
studies (e.g., Harry, 2007; Pierpont, 2009) and correlation studies (c.g., Pedetsen
et al,, 2007; van den berg, 2008) have already emerged in

relation to the health effects of wind turbine noise, and so the
possibility of detrimental heaith effects due to wind turbine noise must be taken
with utmost sericusness.

The short, medinm, and long term effects of sleep disturbance and sleep

deprivation have been lang understood, and are a basic tenet of the most rudimentary medical

education. Still, understanding of the precise physiclogy and documentation of the effects

continues to advance. Chronic sleep disturbance can be expected to affect almost every bodily

system through its effects upon the brain and endocrine systems. Both physical and

psychological deleterious effects can and do occur, as validated by my Mars Hill/Vinalhaven

study and medical literature .

1.

As it is known that sleep disturbance will over the medium and long term result in
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adverse health effects, the only ‘proof’ re;:quired in this setting is to demonstrate that TWTs |
placed in proximity to dwellings results in ongoing sleep disturbance, in order to prove that
IWT’s in proximity to dwellings result can result in adverse health effects.

12, Illogically, some people have elected to try and delegitimize the application of -
these known bodies of knowledge to the issue of IWT"s, as if known effects of noise and sleep
deprivation have to be proven all over specifically with regard to IWT’s prier to basic protective
tegislation being put into place. This is analogous to the deleterious effects of a school bus
accident being devalued because there is no ‘published, peer reviewed’ data describing injmiés
directlyas a cause of school bus accidents, even though it is understood that motor vehicle
accidents in general can result in injury.

13.  Intheir recent publication, entitled “Wind Turbine Sound and Health Effects: An
Expert Panel Review, December 20097, the American and Canadian Wind Energy Associations
acknowledge that wind mrbine facilities can create annoyancé for nearby residents, but then
secks to belittle the significance of this fact. While the word “annoyance” has been used in
European studies relating to this u;rbine noise, the term has been presented in the above
document to imply an inconsequential disturbance, whereas the authors reant something else
entirely. A reading of the original papers upon which proponents of the wind industry base their
opinions that “annoyance; only, may oceur” quickly reveals that a more appropriate word in
American English would be “disturbance” rather than the colloquial American English
understanding of the werd “annoyance” as an inconvenience of minor sigmificance. In fact, the
lead author of many of these stedies (Bja Pedersen, PhD), erronecusly quoted and interpreted by
the wind proponents and the above referenced industry publicatien, stafed to me in a personal

commurication that;



“Annoyance is a response, rather than an effect. However, to be anpoyed means a
lowered well-being and annoyance should therefore be avoided. The relationship between
annoyance and symptoms of lowered health goes, from what | have found in my studies,
EWOo ways.

People who have lowered physical or mental health are more yulnerable and therefore
get annoyed.

People who get annoyed may not get the physiological and psychological restoration that
they need and annoyance could hence increase the risk for impaired health.”

14, “Annoyance” in the context of industrial wind energy facilities ‘is not only a critical
physiclogic stressor in its own right, but is shown, vnequivecally to cause sieep disturbance at
both Mars Hill and Vinalhaven. When sleep disturbance is chronic, which it is in the case of
turbines sited too close to dwellings, it results in sleep deprivation, Sleep deprivation will result,
as surely as day follows night,‘ in @ host of adverse symptoms and, over time, diagnoses of frank
illness. This includes headaches, changes in weight, psychiatric symptoms, cognitive
dysfunction, possibie increases in blocd pressure, and the like in the near and mediure term,
Chronic sequela must necessarily include illnesses such as diabetes and heart disease, which are
know to oceur in the chronically sleep deprived at increased frequency compared to those who
are not sleep deprived. This is not conjecture. This is sirple, known, medical fact.

15. Avreview éf the Mars Hill and Vinalhaven findings suggests that this “aunoyance”
(‘disturbance’, more properly) is one of ths root causes of the sleep disturbances and secondary
adverse héalth effects suffered. Mechanisms for how intrusive noise affects health are
summarized in the diagfam from the WHO Guidelines. for Nighfin;e Noise in Europe (2009)
attached as Exhibit C hereto, which reflects longstanding and non-controversial, settled medical

limewiedge. The findings of the WHO Guidelines are attached hereto as Exhibit D. There is no
statement in the WHO Guidelines that the disease thresholds summmarized in the foregoing chatts

are dependent on exposure for a year to observe all of the Hsted effects and there is nothing in the
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scientific literature that requires such a long exposure. Adverse health effects can be observed
after only a faw days of sleep disturbance. They are nof dapendgnt on exposure Tor & year and
there is nothing in the scientific literature that requires such exposure. Chronically impaired sleep -
over 2 period of time, much shorter than one vear, resulfs in adverse health effacts.

16.  Annoyance, in addition to being addressed in the WHO Night Noise Guidelines

_for Europe 2009 and Guidelines for Community Noise 1999, has been studied extensively by

Swedish wind noise expert, Dr. Eja Pederson, and her colleagues in publications that are already
a part of the rulemaking record.

17. Therefore, if one is to loock té the WHO Guidelines in order to determine what
levels of noise would generally be safe, those limits would be set somewhere between 30 dBA
and 40dBA, with & margin of safety from the lower threshold,

18.  In additien to adverse health effects secondary to sleep mterruption, residents
living nearby to wind projects propagation noise at 45 dBA at nipght will deprive these residenis
of health related quality of life. It is an accepted public heaith tenet that vectors that diminishes
health and well being or that result in negative psychiatric symptomatolegy result in reduced
health related quality of life. That this occurs in relation to IWT’s has been demonstrated by
Pedersen et al, Shepherd et al, in studies made part of the rulemaking record and in the Mars
Hill/Vinalhaven study presented here (as the SF-36v2 component of the study is considered a
‘quality of life” measure within medicine}. There is absciutely no question that the guality of life
of the affecied residents of both Mars Hill and Vinathaven has been seriously diminished.

18. It is well esteblished today that noise generated from the operation of wind turbine
projects is unique and significantly different from noise gencrated from other common industrial

and commercial operations, including traffic, rail and air transportation, as illustiated by the
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graph published by Eja Pederson in 2004 attached hereto as Exkibit E. Recause of certain
characteristics, Indiistrial Wind Turbine Noise is proven, decibel for decibel, to be more
disturbing than noise from any otherrindustrial source people are exposed to in their residential
environments.

20.  The reasons for this difference include: (a) amplitnde modulation of audible
sounds, which s pulsating {or "impulsive’) in nature and therefore more “disturbing” than other
kinds of noise. (b) a dominance of dynamically modulated infrasonic and lower frequency
acoustic energy, which can more easily penetrate facades of buildings and can convert throngh
building resonance sound that is otherwise inaudible into noise that is audible, intrusive and
disturbing to most pecple, (c) noise being emiited from high above the ground resulting m a
pervasive and omuipresent character that dominates the soundscape, and {d) noise which is often
a persistent source of disturbance compared to noise from more common sources such as
railroads and airports, and has therefore an increased potential to casue adverse cffects on the
. adjacent community’s health and welfare than sounds generated from other sources for which the
“current regulatory scheme for noise in Maine was devel oped.

21.  Finally, I disagree with the assertions that compliance with the Sound Level

Limits of the DEP Noeise Rule of 45 dBA at nighttime in a quiet, rural environment adequately

protects against exposure to excessive noise from wind turbine projects for the following

reasons:
a. The current 45 dBA limit specified in the DEP Noise Rule is too high for
rural and wilderness communities. The DEP Noise Rule does not address the
bigher annoyance and disturbance effects caused by the unique and pervasive
noise of wind turbines. It does not take into consideration the impact on rural and
wilderness communities with natrally low background sound levels, especially at
nightime, which results in a level of noise, when measured in decibel level,

significantly over and above the pre-development compmnity noise levels in these
tural communities, and of sufficient amplitude, when sited in close proximity to
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homes (such ag has occovrred at Mars Hill and Vinathaven ) to resuit in adverse
heaith effects.

b, The DEP Moise Rule does not require any measurement or contro} of

infrasonic and low frequency noise propagated by wind turbine projests which

can cause adverse public health conseguences even at lavels that are not andible
- fo many people.

d. The DEP Noise Rule does not take into zcoount amplitade modulation, g
feature of wind power poise that is an important component of it uniquely
disturbing quality, ,

3 1t is possible for & noige emitter to produss continuous noise during a night
that results in sound Jevels betovmen 40 and 45 dBA that exceed WHO's 40 4B
{Lnignrowsite) Hiresholds whers observable adverse health effects are knovwn o
oeour, yet be in complience with the DEP Noise Rules.

22, Tosupplement my wstimony, [ attach a series of power point slides as ExAfb)! F,
which I will partially address at the rulemaking hearing.
Drated: June 306, 2011 Pt - 7 :; J/-y

A
Michael A, Missenbaum, M.,
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EXHIBIT B

. A SUMMARY OF RESEARCH UNDERTAKEN ON WIND TURBINE NOISE'

Preawmble

.. There are now 2 number of studics showing that turbine noise is annoying, and that there

. is & link between annoyancs o tarbine noise and health as defined by the WEHQ. A brief

description of this evidence is now listed, and whete possible, technivaf jargon has been

*. omitted or minimised. it should be noted that, without exception, af] of these studiss have

- shortcomings, and indeed, research of this type is voluerable fo inherent limitationg that

. serve to dampen its fmpact, However, the studfes selected represent credible rescarchers
nadertaking difffoult research. . o ' ’ -

Hcf{;fy{?ﬂaﬁé P

. Dr Amends Hurty, a British General Practitioner, condiicted sugveys of 42 residents
Living near several different turbing sites and reported s similar consteliation of symptoms
from. all sites. OF the 42 respondents, 81% felt their heatth had, been affected, In 76% it
- was sufficiently severe to consult a dector and 73% felt their quality of life kad been
- adversely impacted. This study is open to oriticism for a design that invited sympforh
“reporting; and was not-controlled. While the proportion of those affscted may be

questioned it nevertheless indicates strongly that some members of tho public are

- severely affected by wind trbine noize af distances thought by governments aud indesiry

1o be safe, ‘

Haxry, A. (2007}, Wind Tusbines, Noise
135104 we flaf-oraem, g naige

1ty DEY

and Heglth, Retrioved from:

260 barry.pdf

KL

Pedersor et al., (2003, 2004 2007, 2008 and 20§9)

“Pedersen. and co-investigators have undertaken a serfes of investipations éxmnining fhe
relationship between tutbine noise und health. In a 2004 peper (#=351) Pedersen reports
. the importance of individual and contextual factors alongside. noise parameters, and the -
- danger. in: generalising: findings from other sources of community noise {e.g., road, xail, -
aiperall) to.the wind turbine gontext (see Figare 3.0, mainbody). In 2 2007 papbr (=754,
Pederson further explores these individual and contoxtus! influences, They noted iat |
thesg lving jn moval aregs e more Hkely ® be appowed than from subnrban areas,’
und that those Hving in complex tetmain {e.g. hills or rocky terrain) were tore likely o
be ammoysd ‘thau tHose Jivi und. The stdy found a sirong atzocistion

“between annoyance’ and both lowored sleep quality and negativé emetions.’ A paper

A
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published in 2008 (n=1822) reanalysed pre-existing tarbine noise and anaoyance data and
concluded that tarbine noise can impede health, especially for susceptible individuals,
The paper also discussed the dangers of using noise level as a sole predietor of
anmoyance, and the strength of hoise sensitivity indices in predicting anndyance. '

Pedersen and olhers (2009) reported that amnoyence increased with increasing sound

levels, botk indoers and outdoors (see Table 13, The proportions who were rather and
_very annoyed at different scund levels are shown in Table L In smnmary,.whén ouiside,

18% were rather or very annoyed at sound lgvels of 35-40 and 40-45 dB(A) compared to

T% at 30-35 dB(A) and 2% at <30 dB(A). When inside, the equivalent figizes were Poat
. <30 dB(A), 4% at 30-33 dB(A), 8% at 35-40 dB(A) aud 18% at 40-45 dB(A). Those

respondents who had an economic interest in the turbines had lower levels of amoyance

while negative- Views of the visual impact of titbines increased the litehhood of
. '&moyance. ; w' e . ) e

Although the authars do not seek to recommend minimum sound levels, they do note that
furbine nolse was more sgnoying thea other sewrces, with the passible exception. of
. railway shunting yards and was more noticeable at night. Reporied sssociations between
asnoymes and symptoms of effess (headache, tiredmess, tension and irritability) -
. - confirmed that “annoyance” is more than imitation and 4s & marker of impaired bealfi.
' R They concluds that (Pedersen ef al, 2009); FE e
. “._might time conditions should be treqted as oruclal in wécommendations for, wind
o . trbine noise fimifs. " ' ” et ) .

Nevertheless, it is clear from this analysié that external predicted turbine sound levels
_+ should be less than 35 dB(A}, considerably less than these pexmitted by Europenn noise
- .. .. standards, inorder to teduce effects on neatby zesidents to acoeptable levels, T

-

. Tabie 1: Percent responding to level of annoyatice towards ouidoor and indeor wind
turbine moise levels for -five categories of level in 5-dB(A) sound level intervals.

parentheses present 95% confidence intervals. (From Pedersen 2009) )
Prodicied A-weighied sound prossurs levels dB{A)

<30 36-35° 3540 4045 >45
Gutdeors a=17T8 r=213 A=18% 33 n=43

Do not potics 75 (68-81) 46(40-53)  21(16-28) I3 (B-21) B(-ID) -

" Hotice, But not annoyed zﬁgxé-zv) 36(30-43)  41(34-49) 46 (36-56) SE46-T0) )

“Slighly manoyed : 2(i-6)  10(-15) 20537 23 (15-32) 22(13-3%)
e vRatieramioyed - . FO-4)  6(e-19) 128 68-13 0 SN
" Vory asmoyed (o) L@y E(-10) 12020 6@-1S)

' " futoors 2178 m=205  neiS9 | p=d4 - weES

. BT{B1-91) THE7-79) ' GLSI-6®) 37(2BA4T) 46{35-5%) -
117y IS(1I29) | 22 (16-2B)  31422-31)  38(28-51)

f

Do pot notice
. Notice, but ot srnoyed’



- will-being in drfféreut Tiving+ cundmﬁns Cepupational Eammmuenml M&dwme, 54, p436—4$6

k

sxighéiy amnoyed 10-4) 85D 9 (15 - iéﬂmg} - O(4-1%)
Rather annoy&d 00-2) 316 4B 6(13) “5(2-13)
Very annoyed 10-45  10-) 408 16 (5»17} ©240-8)

Pedersers, Hallberz, and Waye (2007) conducted in-depth interviews with 15 people
living within close vicinity of wind turbines. A gualifative method known as grounded
theory was selected to.inform beth data ‘collection and date analysis. ‘Respondents
opinions of the fubines and the tirbine noise was largely détermined by their personal
values about the living enviropment. The feeling of intrusion was associated with feefing
a lack of coutrol, subjected to injustice, a leck of influence, and not being believed.

Various coping sirategies were engaged, such as rebuilding their houses-or complaining.
. Most however displayed leamed helplessness and 'simply fried fo 1guora wind frbine

EQIS&

Pedersen, E., Ii‘allberg, LR, and Parsson Waye, K. I (231}7} I.ivmg in the Vielnity qf Wind Turbfnes -
A Crounded T}mory Btudy. Qimhtatwe Research in Psyc&mlsgy,ti I 4983, ,

Pedm&n, R, and Nislsen, X.8, { 1994) Aioyance due i noise ﬁ:om wind turbines. Daita Awusue end
Vihration Lid. Report 150 Coyauhagpn, Damnark. i

Pederson, E. W, {2305} Hxxman Response 1 Wsmi turbine Noiso — Annoyance and modar&%mg factars,

© Wind Tua-bme Noiggs Perspemwe formn"oi, Beﬂm, mcalﬁurcpeaﬁ Ccnfarmce B .

Pederren, B, andPe*ssan Waye KEP (2084) Percepfion end ammyanca due-to wind mrbme noizs: a.
dosc-mspanse ralamnsinp ‘Joureal of the Acaustical Soclety of Amedes, 116(6}, p:‘.dﬁc-ﬁt%?ﬁ ‘

Pedersen, E ami Perssont Waye, K, (2067). Wind turbine nolse, anngyance and self repcrrled Ezsaiﬂx m_:;d

Pedersen, B., and Waye, X, P, [2693} Wind Turbines — low favel rmise soutees mteifering with
estoration? Ermrsnmental Reesearch Letters, 3, -5, .

Pedetsen, B., van den Berg, F., Baldor, ®., and Bouma, % (2009, Response to noise from modern wind
farms in The Netherlands. Journal of the Aconstica! Soclety of America. 126:634-643.

’

van Dar Berg (2003
van den Berg and aniieagaas (2@&23} From the University of Gmnmgm in the Netheﬂanﬂs

© have recently -published a major questiomnaire study of residents lving. within 2.5an

from wind torbines. A random selection of 1948 residents were semt a similer -

- questionnaire to that ased by Pedersen in her studies in Sweden (2003, 2004, 2007 and

- 2008), . questions oit heilil,-based on the validatedt General Henth. Quéstionnaire {GHGy, .
wers added.- 725 (37%) replied whick i is good for a survey of this type but, nevertheless ©

may be a wealmess. Non-respondents were asked fo.complete a shoriened questicmm

- Their. responses did not .differ. from  fll” respondents suggesng tae aiter are.

:apresmtaﬂve of the papumtmn as & whole.

¢+
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: . Lo N il

- . Questions oh wind turbine noise were interspersed with questions on other environmental "
factors 0 aveid bias, The sound lovel at the residerits” dwellings wes calculated, knowing
the hurbine type and distance, according to fhe infernational ISO standard for sound
propagation, the almost identical Dutch legal model and a simple (non speotral) -
calcutation model. The indicative sound level used was the sound level when the wind
furbines operate at 8 m/s in daytime, that is, at high, but pot meximum power, Noise
exposute ranged between 24 and .54 dB(A). It is worth poting that the mdushry was
approached for assistance in the research but refised. Complainis such as annoyance, |
waking from sleep, difficulty in retwrning to sleep and Other henlth complaihts were
related to the calculated noise lovels. Co ' .

The research team conclnded that “Scund was the most annoying aspect of wind
turbines” and wes more of ap agnoyance at night, Interrupted sleep and difficulty in
retarning to sleep incressed with calculated noise evel as did annpyance, both indeors -
and outdoots, Even at the lowsst noise levels, 20% of respondents reported disturbed
stesp at: Jeast one night per month. At a calculated noise level of 30-35 dB(A), 10% were -
rather or very aunoyed at wind turbine sound, 20% st 3540 dB(A) and 25% at 40-43
dB(A}. van den Berg concluded also that, coatrary fo industty belief, road noise doss not ~ .
edeguately musk furbine noise.and rednce annoyance and disturbance, Bolin (2009) has
shown that vagetation noise docs not mask turbine noise as well as expected. With regard
, to-health It was cencluded that: S

. "There is'no indlcation that the sound frant wind turbines had an affect on respondents’
health, -extept for the interraption of sleep, At high levels-of wind tirbine sound {more
thaw' 45 dB{A)) interruption of slesp was more likely than ot low levels, Higher levels of

 background sound from road traffic also inpreased the odds for Interrupted sleep.
Armoyance from wind turbine sound was related to difficuiies with Jalling asleep and fo
hither sirgss scores. Korom this study 3t cannot be concluded #hether these health: effects
are caused by aunoyence of vice versa or whether both are related to another factor,”-

’ Though the conclusion appears to contradict itself, ‘and the assertion that only sleep is a
factor cannot be concluded from their date as they did in fact find a relationship between
annoyance and stress, but they could ot conclude which one saused the other.

vam den Berg, B, Pedersen, E., Houma, I, and Bakker, R. (2008). Visual and Acoustie impaet of wind
- turbine farme on residents. FP6-2005-Seience snd Soclety-20, Projest no. 044628, A repost fnanced Ly

the Biropess Uslon, .
Thorne (2009)

s patt of bis resgarch inio the perception of low amplitide intrustve sound Thome ha¥
foued. that there are significant differences in Tesponse botween people living in rural
areas neat wind farme and people lving in urban communities. Based on a series of
sound Simulations he found that the rural people interviewed found the sound of the
furbines ‘unpleasant, annoying snd disturbing’ whereas the urban-community, whe had
not-seen the wind farms or tarbines, found the sounds ‘pleasgnt and gentle’, A serics of .

4 - ' i !
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noise sensitivity questionnaires also indicated a statistically,
between the two communities with the rural community more sensitive. Further research
ut two different locales near wind famms show thet individuals initially accepting of wind
farms cart become incroesingly semsitised to very low lovels (outdoor LAcg 30 dB or less)
of sound from wind farms due to the visual dominance of the turbines thernselves aud to
noise that causes sleep disturbance or perceived adverse health effects. Sleep disturbance
is cansed by.the varying netwre of the wind farm noise; the ‘rumblehump’ or “swishing’-
sound heard inside the home at levels of LAeq 15 to 20 dB or less and camnot be avoided.
The woik of Thorne (2009) was.to establish a practicel méthodology to Inteprate human
perception of somnd, personal sensitivity and relevant sound character analysis, o

Thome. R. (2008). Arsessing inirusive molee and low amplitude sound, PAD thesis available online from
Wiassey Untvarsity, Peltaerston North, New Zzainnd, o ‘

- &
0

_—

Jabben (7009
Jabben.and colleagues (2009) from RYVM, the Dutch National Instifiite for Public Health'

and Environment, were commissioned by the Putch Government to examine thé impact-
of different values of loudness o the ability to mest targets for onshere wind power
generstion. They ssviewed cument ovidonce' mpd noted that, at present, 446,000
inhabitanty (2.5% of the population) wire “receiving significant noise contribution from
wind turbine noise of ‘which 1589 dre. explcted to suffer savere amsoyance, It is,

2

- remarkoble tiat alpost half of dis munber already ocours within the fange Eden 30

20d5(4) ™

Jabben J, -Vethefjen B and Schreurs B, 2009. Bapact of wind tuxbing noite in the Neotherlands, Thieh

Irternations] Meeting on Wind Turbine Noise, Aatborg ¥7-19 June 2609

o [ -

Pierpont (2009)

Pierpont (2009) has recently completed a very detailed case-seriss stady of ten families
around the wotld whe have been so affected by wind turbine noise that they have had to
leave their homes, nine 6f them permencatly. The turbines tanged Fom 1.5 to MW
capacily at distances between 305 o 1500m, The group comprised 21 adulis, 7 teenagers
and 16 children of whom 23 were nterviewsd. While this is 2. highly selevted group, the .
ability fo examine sytiptoms before, during and after exposure to trbine noise gives it 2
sizength rarely found in similar case-series studies. The subjects described the symptoms

of wind turbine syndrotte-cutlined above and sonfirmed

relationship between the symptoms, even in children, and the noise éxposure, Pietpont

- veporis-also that all faghially 14 of 210 adult subjects reporied” "Yeeling Fittery inside™ or -

" Vimternal guivering”, often accompanied by anxiety, fearfulnéss, sleep disturbence and

- iwdtability. Pierpont hypothesises fiat fhese symptoms are refated to low frequency scund
‘ane suggests physiologicel mechanisms to sxplain the link between turbine exposurs and
the symptoms. ) I : : .

significant difference. -

thet they were not present befere -,
the turbimes started operation and reselved once exposure ceased. Therc was a clear -
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support her hypotleses.

1
%
T

. Of part:cular goncern weye the observed effects‘ on chﬂdren mciude toddlers and scheol
- pud college aged children. Changes in sleep patten, bebaviour and acadernic

petformance -were noted. Seven of the ey children had a decline in their school
rformance while exposed fo wind turbine noise which recovered afiet exposure ceased.
In total, 20 of 34 study sub;ects reported prablems with csncsntratmn of METory. -

Pmrp{mt’s stady mostly addr%sas the mechanism for the health prublams associated wﬁh
exposure- {0 wind turbine noise rether than the [ikelihood of an individual devefcpmg
symptome. Nevertheless, it convincingly shows that wind turbine noise is strongly

"associated with the symptoms ske describes; mciudmg steep disturbance; She conclndes
by calling for further resesrch, partienfardy in children, and a two-kilometrs setback

distzrice. A recent paper {Todd et al, 260B) has shown that the vestibular systemn in the
humen ear, the part concerned with detection of ovement and balance, is exquisitely

sensitive to vibration at frequencies of around 100 Hz. Pietpont niamxs that these findings

g Fim;mmm (2009}, Wind Twrbine Syndrome: A Reporton a Nsmra! Exper:mem K Seiected Publications.

Sania Fe, MNew Msm .

i

Nissenbaun rzafe:p o . . ‘ :

Nissenbaum {2019} has presexztaﬁ ‘the preliminary resuifs of a amdy of*ramde:nts !}:érmg '

downwind and within 300-1100m (mean 8G0m) of a wind farm &t Mars Hx%i Maine,

USA. The 28 1.5MW turbines ave sited on a 200m high ridge overlooking the homies. ©

Thus far 22 of*abeut 35 adult residents have been interviewed and compared with a-

- randomly selected control growp living approximately aix kilometres away, Ofthe 22, 18

report new of worsened sleep onget disturbance at least twice & week, for 9 at Jeast 5
times per week @onirols 128). A further eight of the 22 rﬁpnﬁ new or worsened
headaches (controls 1/28) and 18/22 reported new or worsened mental health symptcms
(stress 12/22; angey 18/22; apxiety 8/22; hopelessness 12/22; depressmn 10{22; controls

0/28). -

‘]‘hﬁ 22 s:zbjccts recenfed 15 new or increased pr.escmpﬁons from, their physmmns in the
18- months between the .start of twbine operation and the study, the ‘majority for
peychoactive medication (comirol group: 4 prescriptions, notie for psycheactive
medication}. All but one of the 22 parlicipants have reported reducad quality of life and
20 arg consider meving away (controls: 0/28 for both}. The 5tady may be arificised for

if's relatively small pumbers of subjects but the presence .of. 2 ‘control growp, weil
- matched forage and gender, adds considerable power. All differences between the groups

e staust;caﬂy highly significant, The turbine nofse Tevels at this site may be enhanced

ciaimed to be safé.

" Miszenbauny, M. A, (2090). Tedusirial Wind Tutbines snd Health Eifects in Mars Hill, Msims A -

Rsh*c;s;:ect;ve Coitrelled Smciy Preliminary Pindings as of November, 2509 Psmonai Cpmmumminn

i I

.| by the high conventeation: of turbines and the-geography but the severe sleep distwbance, . -
psychiatric symptomsteldgy and increased medieation requzsement in the smdy Fragei)
| confirms the potential of wind mrbma roise to atiszezseiy affect health at distancss

£
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' . MNoise Expa;sure (Sound Level}

| i
< Direct pathway > < indirect pathway >

E o Distwbance of

m——t activifies, slaep,

Haaring | commurication

foss ~ Cognliive and Annoy-
emotional response ance

Stress Indicators J_D

, Physiological stress reactions funspecific)

~ Autonomic nervous eystem (Sympathetic nerve)
- Endocring syslam (pituitary gland, adrenal pland;

<l Risk Factors o

i . ,
Blood pressurs Blood figids Hiood viscosity g
Cardiae outout Blua%iumm Blood dlotting factors

< ManifestDisorders >
[

Gardiovascular Diseases
Hyperiansion Arterosclerosis  Ischaemic heart disesse
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EXHIZIT D

EXECUTIVE SUMMARY B35

THRESHOLDS FOR OBSERVED EFFECTS

The no ohserved adverse effect level INGAEL) is a concept from toxicelogy, and is
defined as the greatest concentration which causes no detectable adverse alteration
of morphology, functional capacity, growth, development o lifespan of the target
organism. For the topic of night noise (where the adversity of effects is not always
clear) this concept is less useful, Instead, the observed effect thresholds are provid-
eds the Jevel above which an effect starts to ocour or showes itself 1o be dependent on
the exponnre level, ¥t can also be & scrious pathologlesl effect, such as myocardial
infarctions, or a changed physiological effect, such as fncreased body movement.

Threshold levels of noise exposure are important milestanes in the process of evala-
ating the health comsequences of envitpnmental exposure. The threshold levels elen
defimir the study area, which may lead to a better ingight into overall consequences,
In Tables 1 and 2, all effects ave swmmarized for which sufficient and Bmited evi-
dence exists. For these effecss, the threshold levels zre gsuelly well known, and for
some the dose-effecr relstions over a renge of exposures could also be established.

Effect Imdicafor  Threshold, 4K

Change in cardiovaacular sctivity * *
ERG awakening Dmenstste ) 35
Biologleal  prautity, anpet of motility fanminste 2
effe  Changes in duration of vazious
stages of sicep, In sleep stracture
and Zagmenation of steep Leaszaraide 35
Walking up in the night sndfor teo ';a[::f jary .

. . UMY o
early in the morning Lossaztnne 42 efects and thresh-
Prolengation of the sleep inception ofd favais for

Sleep  period, diffienlty grting to sleep v v effecty whers
; i suiffclent evidenca
qualicy  Sleey fragmentation, reduced s avallsbie
tleeping time * *
Increased average motility
when deeping s posste 42
© Belfpeported slerp disturbance Lchncnie 42
Well-being e of somnifacient drags ‘
and sedatives Lagpesoue 44
Medical  Brvirammental insomnia*™ Lagrmnis 42
conditions

* Although the effect bos beexe shows 1o aceur or 4 plrusibls bicinpicrl pathwey conld be constracred,
indicators or threshold levels cowdd net Be desermived,

~*Note that “enviranmmental indomntia® & the vesuit of disgrosit by o ntedical professional whise

“self-seporied slzep di

] »

Nensber of guestions and sxact wording sy differ

it alty the same, bui reported ip ke conbexs of a social tivizy.



Average night noize
level over a year
Lnight,nmside

Up ro 30 d2

30 t0 4G dB

40 t0 5548

Above 55 AR

EXECUTIVE sUMMARY B

Heakh effects observed & the population

Althoush individual sensitivities and cireom-
stances may differ, it appears that up © this level
no substantiai blologival effects are observed,
Loight, onrzide ©F 30 dB i equivelent to the no
obsezved effect Jevel (NOEL) for nighr noise,

A namber of effects on sleep are abserved from this
raige: body movements, awakening, self-reporred
eleep disturbance, arousals, The intensity of the
effect depends on the nature of the source and the
mamber of everts. Vduerable groups {for example
children, the chionically il and the elderly} are
more susceptible, Fowever, even in the worst cases
the effects seem modest, Loghe, outsige of 40 dB is
equivalent 1o the lowest observed adverse effect
fevel (LOAEL) for night nelse,

Adverse health effects are observed among the
exposed popmlation. Many people have to adapr
theix fives ro cope with the noise a¢ night. Valnerable
groups ars mone severely affected.

The situation is considered increasmgly danger-
ous for public health. Adverse heahh effects
oceur frequently, a sizeable proportion of the
population is highly apnoyed and sleepdis-
turbed, There is evidence that the rigk of cardio-
vascular disesse increases,

Tabie 3

Eflacts of different
tevels of night nolse
en the popuiatinn’s
haalth

A number of instantanecus effects are conmected to thresheld levels expressed in
Liwnee The health relevance of these effects cannot be easily established. ¥t can be
safely assumed, however, that an increase in the mumber of such events over the base-
line may constitute a subckinical advetse health effect by itself leading to significart
clinical heslth ontcormes.

Based cn the exposure-effects selationship summarized in Table 3, the aight noise
gmideline values are recomumended for the protection of public health from night

noise as below.

Night noise guideline {(INNG) Ly, poige = 40 dB

Interim tesget (IT)

Luigh,oaiide = 25 GB

Tabic 4

Recommended night

nelse guidelines

for Ecrope

¥ L tgh, osmie it the night-time nolse indicator (Lygy) of Diestive 20024EC of 25 June 2000 che A-weighted
longaterm average sound level as defined in 5O 1996-2: 1987, detarmined ovar off the nighe pesiods of & genz
in whichs the night is tight hoars (osually 23.00 ~ 07.00 local fime), 2 year s & rolovant yesr sx tegards the emis-
sion of sound snd an average year af repards e meteorologice] chenmernets, the incident sound b consid-
exed, the asssssment point iv the same as for Ly, See Offfci! fourmaf of the Eurapean Commnpnivies, 18.7.2002,

for more Jetails.
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- 404 Wind turbines

Percent of Community En:@ Annoyed

o Aircraft

_ Road traffic

" Faiways

wmgwm.gg%ﬁ%ammommﬁmmmmgmmmaggﬁm
mqusnggﬁaﬁé

E. Pedersen and K, p. Waye, vmawnmcm and annoyance due

te wind turbine noise-—g dosg—.
Tesponse relationship. J. Acoustical, Boc. Am, 116 (6}, Da

cember 2004, pp. 34603470,

Copytight 2090 RW Rand, S.E.Amiross, Members INGE. Ay Fighls Keserved,
) To the Weraham Z8A, 10Nov10. p. 7









Industrial Wind Turbines
Adverse Health Effects?

Do TWT’s in proximity fo homes result in Sleep
Deprivation?

If s0, what car we do to make sure they do not cause

sleep digturbance?

‘Michael A Nigsenbaum, MD

Unlwrmsty o'l

r s Uy i

e, fodlaluid, bkihec, 1 shend, peatun

7/5/2011
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Ja M. Soler, PED, Orfeu M. Binston. Phb, Jeffrey M. Ellenthopen, MD
Farvard Medtcal Schootl, Division of Slec Medicine

Brain Activity is Visibly
Altered Following Sleep
Deprivation ; 7/2002

el e edutodors20001_G2_08, leep im)
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Sleep
Deprivation

FEI

‘Settled Science’

FACT:

Sleep Deprivation is a SERIOUS
Adverse Health Effect

Suwey GayR BT
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[ 12 Subjects,
% o e Average Age 2hyrs
3 2014 sturdy
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7/5/2011

Harvard Medical Scitwol, Division of Sleep Mulicine




o does the pic and patiem of @ sigtal afuen aadinr
wrouznl (hrashaldg?

BAROTEY BIRULCWS, MICHELLE BASL T LA THOM AR oo
VINLEN I

“Pure tones at equivaleni
amplitudes are significantly less
effective than complex tones at
awakening people.”

A compiex tore is pereeived as louder (up to 18

@b at 20 HZ)} than a2 pure tone, though the sound
meter will register the same dB level!

7/5/2011

Equal Loudness Contours T hese are

1 made with

pure tones
only, and
reflect
average

e

=2 yalues only

Havring Cowtors for Equef Lovduesa Level (150 20057
SrondCamiPEA 1 22009 Tt Fugor

2

One half of the people in
this room will be more
sensitive to noise than

the other half, 5
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Arousals and noise

» Likelihood of zrousal depends upon:
— Sound prassuye
— Scund character and content
- Slecp stage
— Age
— Individual propensity (spindle density)

7/5/2011%

Arousal Index and Age

§ e vt j‘"—/
I O e
T et et v s -
- I
]
'T'

) _
Bonnet & Arsnd. 2007, J Clir Slesp Med. 3

Spindle rate and noise induced avousals

Dang-Vu eral 2010, Corrent Biolagy




Low-fregnency noise from large wind tuxbines
Fiesmrit Mabici™ s Chivistian Seiac Pedersen

Sreenen o sieenssiics. Aalioes aicarier, Frodr R lers €of %, SHVATE dulbers @, Peassrs

Bver when A-weighted levels are considered, a
subsiantial part of the noise s at low frequencies,.
and for several of the investigated lsrge turhines, the
one-third-oemve band with the highest level is 2 or
below 250 Hez. 1t is thus beyond any doubt that

the low-frequency part of the spectrum plays an
important role in the noise at the neighbors.

J. Agoust. Soc. Am., Yol 128, Na. 8, June 2611
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Leswfragpuenny soiee from Iarpe wind ixebines
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E® Forty-five furbines

with nominal electric
power 75 kKW-3.6
MW.
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Most sound energy from turbines is
_found at low frequencies
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Sound Travél
ém 105dBA

jower frequencies travel farther

7/5/2011

Ths Worit Health Crgantzation is one of the badiss witch recogtizes the
special place of Tow frequency noise as an environmentyl problem. lts
nublsation on Cc ity Nowse (Bergioed et 2l 2000) makes a number of
raferences 1o Jow frequency noise, some of which are us follows:

v ® 3¢ should be nated that low frequency notss . . .can digturh rest apd sleep even af
few sexstct levels ™

- “Foy noize with a large proportion of low frequency sounds 2 stll lower
guideline {than 30dBA} &5 recommended

» "It should be poted that o farge praportion of low frequsncy Componens
irn a noise may increase considerably the adverse yfects on health ™

+ "The evidence on low frepuency roiss is sufficiensly seong to warrant
immediote cancern” i
A-Review ol Published Regearch on

$.ovr Freaueney Roise and its Bifects

e e

Wind Turline Sound and
Health Bffects
Jen, Byt Fanel Reviesy
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Outdoors 3 A M.
© Modem 1.5 MW GE turbine at 1500 feet

7/5/2011

Gty A e, SNCE 6-Caet

B Review of Publishad Regsarch on
Luwﬁraquenc.y_uoisa antd its Effees 003
ettt
There s clear evidence that the brain is able o
adapt to stimali.

N

If sufferers spend a great deal of time listening
10, and hstening for, their pardenlar nodse, it is
possible that they may develop enhanced
susceptibility to this noise,

Enhanced susceptibility is therefore a potential
factor in low frequency noise problems.

[ Long Term Potentiation, ‘plasticity’]

What about ‘Habituation’?

“I'he audiiory system Is an alesting system,
ideally it should never sicep and never
habituate ™ Diznich Shepherd, P45, Psychophysiotogt

SeiratofPabli Laliry, Auslioannie of Talsiblury

‘Long Term Potentiation’:

Repetitive fear inducing auditory stimuli
result in increasing amplitude of reaction,
over fime. Similar to a learned response.

LeDome. Kiaibun Clisalleb ibs lreti, does
e Mk RS DESE- i
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Anditory stimuli are
known to affect the
amygdais via both
corfical and
smheorticad {thaiamic)
pathways

LeDoex ef ai, 1990
Mascagni et al 1993
McDonald 1998
Romanski and
LeBPoux 1992, 1993

7/5/2011

THRESTENING STHIULI FAR RESEONSES

: i defensive shavior

. AuTorEG 7 3

L I B it arosal
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From LePous, Emotien Circaits in the Brain,
Center for Neural Science, NYU
Annu. Rev, Neuwrosed, 2000, 23:155-184in

Neural pathways involved in fear conditioning

L i

LA=Lateral Amygdala, CE=Ceial Amygdat, FFA=FTypoiaksnic Phuitary AXis,
ANS=Autoromic Netvous Syswer, TED-Primary Auditory Corten. TEF=Auditary
AssoBiation Corinx, MU=Medial Geaicrlate nuciear zones

trom
Lniges fav pleurnass Uy 21185 bt




Feay, hate, sexual
arguszl - acfvate
the fmbic system.

This results in

release of stress
related hormones
in the hodv.

7/5/2011
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‘Blade Swish®
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Dwelling Vibration and Rattle

Percepiible vibration in Tesidential strectures oy low freouency aoise
(e LA LI,

Fronswre Eovyl {1688 o 20 ultp)

O oA 8 I D
-Oatnve Band Cobier
Fraquensy {Hzy

ORTANT!
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‘House . .. hamming again tonight . . . incredibiy
horrible. I don’t know how much of this we can
fake . .. reached my limit . . | there is no escape. . .

Amaranth/Melancten Omiario:

Home eventually bought by Wind Developer

7/5/2011

Wind Turbine Noise:

1.  Prependerance of lower frequencies
i A audibility af di i Y within Swmes, incressed
phiysiolopic dhreséffear respanse, powible fong term potentiuiion)

Ze Eighﬁy mﬁdﬁlﬁtﬁd (uereased engppempnt of the Bnnn

brady, possifle g fem poteptistian}

3.  To-date, poorly undersinod gy cmputed,poor
precoasirnetfon modeling)

Degcibel for Decibel, Wind Turbine
Noise IS more disturbing than other
sources of industrial noise

it = e e
S P R

10



‘Perfect Storm’
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Industrial Wind Turbines and Adverse
Health Effects

MARS HILL, and VINALHAVEN, MAINE

A retyospective, cross-sectional
epidemiclogical study-vsa
Michesl A, Mizseubawm, D

Jeff Aramini, DM, MSC, PRD
Chriszopher Ranwing, BSe, FRCA, MD

Submited for publication
oped dur prcpetigon: §1th inserational Congross ox Moims aya [blic Hezith Feoblam (ICREN) 13, Lo, Ui
Acosmed for iop) A~ e as) Wind Lortine Medss, kome, /2071 wilirawn vy antbar/logistios)

Bz

Eubber Meets Road
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Objectives

Determine if there are significant
associations between distance of residential
homes t1o/TWTs and:
/
e /
T new o%orsened sleep disturbances
2, mental heal
-3, __pifysical hehith
4. quality of life

5 erziption medication

7/5/2011

_ Cmﬂs Live Here : Subjects Live Here

» 3-1.5 MW turbines, 389 # 2, cluster
« QOnline Oclober 09
» 15/33 adulis within 3800 feet interviewed

12



Study design

Distance to nearest IWT assessed using satellite and
zerial images

Outeomesd investigated:
*QuafﬁtyM;ﬁlc Health Outoomes SF-36v2
e -phquéz] (PCE)
Mepfal (MCS}
v‘?;g rth Slegpiness Scale (ESS)
- ittsburgh Sleep Quality Index (PSQD)
«Others

Dtz analyst ¢ ap umiliar wiih study Iocation and participants ~ reduge hiag
(JefE brmendtt, VM, MET}

71512011

Mars Hill and Vinalhaven Study

* 38 subjects within 375-1400m
» 41 subjects within 3000-6000m

= EBS, PSQL SF36v2

Mo significant demagraphic differences between sites
orbetwaen near and far distance groups

BF-36v2 Health Survey

the patient’s point of view.
+ Practical, reliabie {reproducibie), mmd valid measure of
ohysical and mental heakth

Is the most world’s widely used
Patient Reported Gutcome Toof in
clinical trials

+ 36 questions meastring fanctional health and well-being from

407
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A New WMieihod for Munwaring Dastime Sieepines:
The Bpwortd, Slecpiness Scale

Purey S Fan
e Deii e LI, Hiprasibs Siessisd, Senthnrat, bhteits, <Almsendit

The ESS is a self-admimisiered questionnaire
with § questions. If provides a measure of a
person’s general level of daytime sleepiness,
or their average slesp propensity in daily life.
X kas become the world standard method
for making this assessment.

7/5/2011

oy Reswroh 3 W21 ind
Haservier

The Pittshurgh Sieep Ouality bndex: & New instrument for

Psychiztvis Practice aad Bassarch :

Denisl J. Bupsss, Chades F. Reveolds 11, Tanathy M. Monk.
Susma K. Berman, and Devid . Kugker

Retedl MopB, H63Y; ravived versicn reorived Atigerss 11, 1988 aeeeprod Nowermder 1L 008,

Fourth nternatiosat Mesting o Wihd Turine Naise
Rore Baly 12~14 April 2011

Salecllion of cuicoms figatures it assessing sfeay WMeturbance
#rem wind tirbine noise

. Lhed Faoning and Wskael Ni h

Univarsity Hospilafs of Lejcester, 13K ond Northery Maine ihdical Center, $54,
shisdhenning@rockulonet and mnissarbaumdutt net

14



Data Analysis

Quantitative epidemioiogical anzalys!

Multi-variate stafistical modeling

«Caonftroliing for age, gender, household clustering

«Both confinuous and categorical dependent

{outmnﬁ andﬂj’ndependem (predictor) variables
I

-—-"S'lﬁfrﬁcan%e/ testing
e ]
S
N, /
—— e
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Pittsburgh Sleep Quality index vs distance to WTs

Draba presented to BEP Jaly 7

The closeryou five 1o IWTs, the poarer your slasp
quality as measured by PECH

Epworth Sieepiness Scale vs distance to IWTs

Date presenizd wo BEP Tuiy 7

The closer you live to IWTs, the pooreryour
steep quallty as measured by ESE

15
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tental Gomponent Summary Scate (MOS) vs distance 1o iWTs

Data presenfed to BEP Juty 7

The cioser you live to W Ts, the poorer your
mergal health s measured by MCS

Mental Health

*Frequency x Severity

The closer you live to W, the
poorer your mentat health as
measured by seif reported before & .
after parameters ‘ ;

Physical Health

The closer you live to IWTs, the more likely
you are o experience physical iliness

16



Medications

Dats presented 1o BEP Joly 7

The closer you five to BV T8, the more iikely you
. &re to be clinically diagnosas vith
dapression/anxety snd offered medication.

Subjective Quality of Life

D preseored to BEP July 7

“Strongly agree=1) Strongly disagree=5

The closer you live 1o IWTs, the more likely
you feel that your quality of life has
deteriorated.

Alleged School Bus Accident

(not peer reviewed)

411
7/5/2011
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What we see at Mars Hill and
Vinalkaven is fully understandable,
siven:

 current legal Hmits as goals
« modeling systems/errors
« known human physiology

Solutions:
1. Reform legal limits (eg: baseline +)

2. Fix modeling




3. Understand and accept
human physiological

realities

Sohrtions:

413
7/5/2011
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